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Property Office. 
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1020030034056 



^^ ''^^}: 2003/8/14 



im^mm.] 0003 

[Xilft^XH 2003.05.28 

[^^I^SI^Wl G02B 

[^S£i SSI mmD\2\ oi^ mo\ mx\ 

S^SSl AUTOMATIC GAIN CONTROLLER FOR ERBIUM DOPED OPTICAL 

AMPLIFIER 

[#^oj3H] 1-1998-104271-3 
[□EI&Jl 

[^Sl 0121^ 

[01 £1 ej MH] 9-1998-000339-8 

[Sir^Se^eia] 2003-001449-1 

S^S:>I1 PARK, Se Hong 

[^El^^ej^l 701109-1052518 

[^eeiS] 140-855 

l^^] AHe^^AI g<^^^ 0\m2m 193-3 i^^OF^M Z[B 633« 

[^^1 KR 

[^§£1 9es:'ll KIM. Sang Ho 

[^eie^eisi • 730902-1397419 

[^^Sisl 442-470 

[^^1 3:>i£ mm^ sss 1030-10 203s 

[^^1 KR 

9^S:)|1 PARK. Tae Sung 
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1020030034056 ^Xh 2003/8/14 

[^eje^Sisl 640619-1029617 
[^Seisl 449-912 

g&jAi ^'^m\2} ixf i09e 1202 

KR 

9^5:»|] HWANG. Seong Taek 

[^eie^eisl 650306-1535311 
[o^y^j 459-707 

s^Ai Qmom^ 102-303 

[^9^ S^s:*!! SONG.Kwan Woong 

[^SJe^eisl 710502-1066619 

[o^eisl 463-792 

[^^1 ^yAi o^&§(s^Dl□^s) ^qomhM 836e 

307m 

[^^1 KR 

Oil 2\m m^^A[ m m^muo. 
0121^ (ej) 

20 3 29.000 

[:>^<:l^ss^) 6 s 6.000 s 

[^<y3!^SSl 0 2! OS! 

[^AhS^Sl 9 m 397,000 S! 

[1.^1] 432.000 §! 
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1020030034056 ^^ '^^^}- 2003/8/14 

^ ^^^^ ^^7]^ o]^ ^1^ ^J-^Hl ^^S., ^ ^^^^ 

^^■7]^ o]^ :^]o] ^j-^io)i oxo]A^^ ^^■7]s. <'^^^^ ^^s. ^ <a 

5)^ ^ "U^^ ^7]^s.s. ^12 ^7] ^11 

^^l^Sl-; ^7] s^^^^ ^^1^^ #^^^5+ ^7] ^^^^^^ ^n^^^ 
^* >^12 ^^^^-^^ WlS^V^ ^7] SfS^^^V # 

^lo] -§-^s:>o^ ^7] ^^7lo11 ^^^^ 

3L^^H ^^^^^ ^^1^^ ttcf. 

£. 4 

^S.^^^ ^^1. ^l-i- :^]o]^ 4£ o-ig- 
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1020030034056 ^^ <a^l-: 2003/8/14 

["^^^ 

^^a-n- ;^>-^ ol^. ;^]o] {AUTOMATIC GAIN CONTROLLER FOR ERBIUM DOPED 

OPTICAL AMPLIFIER} 

£ 1^ #efl 7]^o]] nq-S., iq^tifl o]-g-^ ^^7)0^ ^ M- 

£ 4^ ^ ^^^^ ^11 ^Al<^lo)l 4^ o. ^^71 o]^ 
(AGC-EDFA)^ ^^^4: ^^"^ 

£ 6^ '^^^^El^ 5l)^^7> nfl(6a) ;^ll 7}^7]^ -i-4t!: ^S. 4^(55)* 
(AGC-EDFA)^ ^^^^ M-B}-ia 

23-4 



1020030034056 %■^ 'U^}: 2003/8/14 



<9> ^ sf^l-^^^-^sl- (Wavelength Division Multiplexing; WDM) ^^-fr 

^^7l (Erbium Doped Fiber Amplifier; EDFA)^!! ^^S, ^11^^^ €s|- 

7]- ^>^5tb ^-f ^11^^ ^]^^ 'U^m] ^^^-e- #^7l^ o]^ ;^]ol 

(Automatic Gain Control; AGC)<^1 ^tb 
<io> X\^^6\]X\ i^J-o^ ;tfltiil<g, ^S. ^l)^^ ^7l/^^(drop/a(ld) ^ ^^^Sfil 

^<^fl ^*>o^ Cff^^ S)^ ^m^^^ ^5|-7> ^^5*1-711 €4. <^1^ ^-Br ^9l<^ ^ 

^ ^^^-6- ^#7lifl ^fl^^^l i^Sl-(<a^ ^4^^^ ^^)^ o]^^ 

^ <H#^7> ^^-B- (Erbium-Doped Fiber; EDF)^ ^£ ^s[^]f]JL 

-y^H ^'a-n- ^^7l tflofl u-o> oj^ (surviving channel sj-S.^^ 

%^ ^2j-(power excursion)* ^Tfl ^c^-. oje^^ %^ ^ 

^^-^ ^<>l|^i wl^^ ^^1-* 717^14, cfl ^^^11- ^^^H^ Al^e^o^ 

o^o] -sJ-A^V o]^^ ojs. ;^lol(AGC) ^^7l7l- ^^l^Sj^^Cf. o] e] 
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1020030034056 %^ 'U^}: 2003/8/14 

o] a.= 7l- ^7} 7]^o_s. S.^^ ^^7] ^ ^^^^7} ^S. eflol^c-] 

cfoj^^CPump LD)^ wV^joii ^^1- ^7]^o_S. ^^^^ ^S. ^^^^}JL 9X^ 

oil, ^^^o.s 7.}^ o]^ :^]o] ^A^o. ^^71^4 ^A^ol ^e|*>ji 

^]o]s\S.% -i-^M •%-^]^}7\] ^ SZ7l afl^olc]-. ^^^^ ^^71 vfl eflol;^] 

feedforward) . sq:^ Bfl(feejj5ack) nelJl n>ol3S ^Hl-Bll- oj-g. 

^^■7]3] <a^^<Hl ^^Itb ^ ^ ^1-eKoptical tap 
coupler)^ tb^oil ^-^S.t:fol^:B(PIN-PD)# -^sfl ^^1- 

^^t!" ^, ^]<^]7^t].c>]^^o] vi}o]o]^ ^-^7] (bias current 

driver)<>ll ^1*H*>^ ;*I1<H^£7> ira>sji 

•^A^o] ^^^Vcf^ ;^;gol o;io.i4^ ^^^-B- ^^^l^il a}^^^ %^/^7^^7^^ ^ 
^^^^ ^H7> ^^<^1 9X^. 

£ 1^ oi-g-ti- ^efl ^Aj-^ ##7ls^ <a ^^^c^l* i^Ef'dl 

(2)^ tl-^oi] c^^^ :S-imi=foi^:B(3)l- -i-«fl *<H-2..^ ^-a-^^ ^^t!- ^ 

(TIA2, 4). o] ^i.:g.^s.7i(5)o^ . + . uf^j.^ Aj^cf. cfljfl o] 
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1020030034056 ^^ 'U^}: 2003/8/14 

^^]^k^]^ PI (proportional & integral) ^l<H7l(6)^ 

x3\^o] ^o]sl^ ^fl^^«^i wi3^i§>^ ^^^A ^ 

alJa^rl-iaAi o] ^i-o] :y-o>^ x^?p}7,] , LD(7)1- ^^*>7l ^ 

^« #^^f^ LD ^-^-^(8)# ^lol^VTll ^nf. ^Si^S. 2' , 3'. 4' 

TIAKTrans Impedance Amplif ier)-S: u)-E|-ifltJ^ , 9^ 7}^7] , 10^ 5i)-iE.^>^V ^^17] 
(suppressor), 11^ <^l^^#7m M-B}-«^r:f. 

^S^ul-, ^Hflo^ aj-^o^ PI ^jo]^ S 2 ^ £ 3<H1 4^!^. :^ol 

^^^^ *a^-¥-s. €-<H-$-^ ^11^^^ ^^^^] ^, ^4^1 

^ ^5}-^ol tH^h^^ 4s. (transient power excursion)^- 4^5. -g-^ a]:^ 

(transient response time)<^l M-Wl-^l^ 7>x]jl oi<>l , ^fl^^ 4^ 

nflp>cf ^^^^m ^ Al'S-^(time Constance; t )!- <U<Uo] ^^«fl ^ 

c^jo): c}.^^ 7>^ij, o;^oiA^ it:£o^ o^;t)|«j.,gol ^^^4. :£ 2^ ^1^^7> 10//s<a 

iigolcf. Al>^^l. l0//so|lA-1(£. 2) 74/^sS ^^^V^* ^-f(S 3) 4S 

(A) <Hi^ ^£ 7llA]£l^ ti>^, 4£ ^ig- Al:^(B)ol ^:^o] ox^o. ^ 

^}^]3.S. ^Bl-e^ nfolas. vfl-^<HlAi PI <aA]:^ ^ 
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1020030034056 #^ '^7.}: 2003/8/14 

^t\jL o] i^^]^/<^>^S.ZL ^^7l(D/A converter )# ^}o]o]^ ^s. ^^7] 

s ^tfl<H ^H^V^ ^siM-, i^><^l3S- ^^^^ ^}o]3.S. ^ 

45t^i, ^ ^'a^ l-ol^^ ^fl^^si ^^7> 

^-fofl -§-^(transient response) ^^j-^ ^^7]^ 

*V7l ^sfl 52|.£ o^^l ^s.Mr #^*>^ ^'a-R- ^^713^ ;^>:i- o]^ ^^jc^^ ^^joil o;1<Ha^, 
<19> ##7lS. ^ ^-^1- ^7lAl:£S. #^*>fe 

>^12 ^^^^-^-^q-; ^71 ^^^^^^ S.MBl^*>^Ai 
^ ^^5^1 ^S^^^}^ ^s.^^ ^^1^^; ^>fl^ 

^ ^7l ;H]i ^^^^Y^ ^J-71 ;^12 ^^^$^2^ 

-S-'a-^H ^1<H^^» ^71 ^E. ^Ji^ 

^7] ^^j^ #^7lofl ^^*>^ ^11 ^^^^-^1- ^^l^S 
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1020030034056 #^ 'U^}: 2003/8/14 

t-l i^^fo^ ^^^S. tlrcf. 

<21> c]^ >^V7l o. ^^.y]c^ ^j-^^ ^^ofl rt)-^ 

^]-^^<J-#^( Amplified Spontaneous Emission)^ ^^°\] ^5.-^ (offset)^ JSL'S-^^ 

n>ola^ ^H*-^(Micro Control Unit)^ ^1 ^L^sj-fe ^cf. 
<22> ^ "^^^ ^^1<^H] tt1-€- ^^^-9r ^#7] 21 ^V-i- o]s. ;^io^ ^^]^ 

^ ^71^1^5. ^^^V*^ ^11 -^-71 

#^5l^ # 'a-^l- ^71^1^^ ^«:^>c^ ;^12 ^^^«:-^5q-; ^1<^ 

1 ^^^-^^^21-; ^71 m ^^^«r^^ s.qBi^*>^^i ^n^^ ^^^s^i ^ 

:i ^Eflo^ 2)-^^ ^J^^^m ^^1^^; 2i-5.^>^v ^^A]:^^ 

7l ;^li ^^^^-^^ ;H12 ^^^^^^ tillH^l-^ tilm 

<H^:£* ^7] ^s.^ '^^^<=^] -i-'a-^V'^ ^71 ^-^^-h- 

##7loil ^^^^ ^^^V^ ^12 it^H T^^^^^ tbcf. 
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1020030034056 ^^ 2003/8/14 

<24> £. 4^ ^ m ^^HHi ^'a-^ ^^7121 7.}^ o]^ ;tiH^^i 

(AGC-EDFA)Sl ^^^^ t+Efi^ S^ol^l-. 

<25> ^ ^vt^o^ ^^H>^1 (transient suppressor)7> %^j-B- 

^ o]s. ^lol^^l(AGC-EDFA)^ 3711 f^^:^(i00)i2^- o]^ :qo]^(200)S. 

<26> ^71 ^^-^(100)^ Input )«H1 ^^Itt ^11 ^^^7l(10)<^l Sl«|l Si^^7} 

^ ^#^1-^ #^^1-'^, m ^^l-ol#5ll<5l£KllO), WSC( Wave length 

Selective Coupler. 120), ^7> ^'^-^(EDF. 130) ^ ;*112 ^<i>ol#ellolBl (140)S 

5L^*l-o^ ^^^^cf. >^7l ;*lll ^ ^ <^><^l#ell<5lBl(110. 140)^ ^7l ^>ilJ:7> #^ 

^^cf. WSC(120)^ ^^(231)^ 'a^^'^l^i 1:^-2-^ 'HS.Mr 

S ^71 ol#^7> :g-Aj-B-(130)^ <^7m <^1^^ -^S. J-il-# o]^ 

^7l <^g^^ ^^*V<^ >a-7l <H#^7> ^-a-^^ 

^ 'a^slfe ^^^^ ^fl7Hl ^^^4. 

<27> >^7l ^H^(200)^ ^m^^ ^2l-«^l ^^^>7ll ol^.^ 

^H*}-^ 7l^^ ^^*>^, ^^€«-^(210). ^12 ^^^^-¥-(220), 
^^-¥-(230) ^ ^H^(240)» i^^H ^^^^cf. 
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1020030034056 %^ 'U^}: 2003/8/14 

<28> ^7] 1 ^^^^-^(210)^ ^7] ^^^7l(10)<^l s\-^]7} ^^sltH <^^^ 

^^^^^] til^l^V^ ^^7} J: = ^ ^11 ^-5LS.cfol^^(2ll), ^7] ^^1- ^ 
^t}^ m B^>i<a3J)'5i>i ^#7l(TIAl, 212), ^^7l(EDFA)^ ^l^Coptical 

gain)<^] n^t}^ o]mG) ^#*]-^ <^l^f^^7l(213)« 

<29> >y-7l 2 ^^€^^(220)^ #^ ^(Output ^^1^ >I12 %^^7l(20)<^l ^«fl 

2|-^^7> ^^Jll- ^7l-a:&S €W<^ ^12 ^^^^71(221), ^12 

^I'ysqiaii ^^7l(TIA2, 222)* ^wltbcf. 

<30> ^-^-¥-(230)^ #^*V^ ^^(231). ^7] ^ 

^ ^-§-^1-71 ^^1- #^^>^ ^^-?-(232), eflo];^-! cfo] 

iL^, ellol;^-^ v^o]^^ ^o_s. ^^s)^ ^7] ^^(231)ol <q:f -^^ 

91^^ ^«S*>£^ TEC(233)1- 

<3i> ^7] ;^1<^1^(240)^ ^7] ^^^^■?-(210)^ ^"^^^ ^7] ^12 ^^^^^ 
(220)^1 #^^0] o^;^^§V7fl ^7] ^€^(230)1- ;^]'>1*m 71^^ 

^}^, ^;Hl7l(241), P;^H7l(242), ^11 ^J(\^] m 7>^7l(243, 246. 248), 

^^71(244), l:^]o]7]m5), el^^lE-^ (247)» H^, ^S. €5|-<^1 ^><a*|}-# 

^(Amplified Spontaneous Emission ; ASE)^ 4^^* iL^^ ^ 9X^^ Pase(249), 
3.S. ?iB*e1-^(Micro Controller Unit; MCU, 250)* ^wltbi^. 

<32> >^7l ^^^* ^ ^^21 t:f*3l- :^t:1-. 

<33> cfA] i 41- ^s^>ia. «a^^(Input)* -^^H ^^S.7} <U^}^'^, m ^^l-e-i 
(10)^ 10:90^ ^^t!-^-. 90% ^Ai:^^ o>ol^E^lolE^ 
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1020030034056 %^ '^7.}: 2003/8/14 

(110)* -i-«fl WSC(120)^ 10% w]^^ ^^^^ ^11 ^^^^-^(210)31 

oj- ^^7lol TIA1(212)^ :^li4 ^^a-^-^^ TIA1(212)# ^IM- ^'a-?J:<Hl 

'^l^ f^^7l(213)ofl ^^^^ ^^■7]^ <^l^(optical gain)<Hl n^t}^ <^1^(G)<^1 

^^fl^lTll ^4. ^}^7}7]S. #^ ^(Output )<H1 ^^1^ ^^^%^(220)S] :^-i£cV 
01^:^(221)* ^ = ^ TIA2(222)* ^IM- ^<a-^^^ 

^7] ^11 ^^^*^(210)Si 3i|-5E.^>^ ^^I7l(241)i2l- ;^ll 7>>a:7l(243)<^l <U 

^7] '^;^l7l(241)^ m ^^^^-¥-(210)2^ S-ME^^srV^A-l ^1) 

#^*>^ ^]^7]S. ^^^€cf. 

i 5^ ^^S]^ ^ll^^7> €1- x4)(5a) •5^>ll7l (241)1- -^^ 3X|- 

^(5b)* M-Hl-sflcf. olnfl, t.l^7lSl a1^V^(t= R X C)^ 2-€- 

tfl«ll ^^^1 ^ 9X^^ lO/zsS ^^tlrcf. '=>]^7W ^;«fl7l(241)S.-^E-l 

21-^ ^ ^VM-^ p^H 71(242)^ ^^^iji, ^}^^ ^7] m 

(210)^ ^^1 ^11 7>>a:7l (243)# ^7] ^3-71(244)3^ '-' <U^ 

c>]%?\] ^V^. ^l-:^##7l(244)^ #^<H1^ ^^^-2-S(Al>a-^ Al^-§-<y:) c-l ^ ofl 

£i<J:£(E)7> >iS^^£l^c-l] o] ofle^Ai^ P^fflcH 71(242)* 7j-*l-7il ^^Al7l^ ^■ 
JL, P ^l<H7lS ^31 ^t!: -^^Vtl: ^7\] 

3E 6^ ^^S]^ ^11 ^^7> i41(6a) 7>^V7l(243)* ^s^^ 

(5b)* M-Bf\acf. ^7] <^lei-tl:£(E)7> O(zero)<^l P^lo1(242) ^ I^lcH(245)^ ^ 

^Slo^, ^12 7>>a-7](246)* -i-t!: ^^<=Hl S^Sfl ;Hlo1^^* #^^^^-^1 o]^ :^]o] 

* ^«St}-cf. ^7] ;*IH^^^ el°]El(247)* -f-^fl ^7] ^■S-?-(230)fi1 ^€ 
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1020030034056 #^ ^^1-: 2003/8/14 

^^-^(232)^ ^€(231)^ ^tb ^}<^]^^ ^^1- ^ 

^ ^^(231)^ ^7] wH'H^ ^^^] 4^1- ^^4^^ ^^^» ^5^^*V°1, WSC(120)» 

•f-sfl %^M9m> ^7> ^'a-B-(i30)s. ^^^}^}7\] 



^ ^£71- ^^>^ ASE sl-^^<^l Jl54-£ ^^1 o]^ i^>^(gain offset) 

^^V*^ Pase(249). i^>olaS- ^S#e-l-^(Micro Controller Unit; MCU. 250)^ c-l ^wltb 
4. i^'Vol^.s. ^Bl-&|-¥-(MCU, 250)^ ^^^] ^^l-^S-ZL/c^^l^ (analog to 

digital) ^^7](ciiEAi)i- ^^ o^^^^^ ^<3-?jt* ^^1:^0.^ «j.oi.s.oi:£s. ^i-^o. 

25°C<^1 ^t}c^ 7l$^^^:^E^ <^o>'?V#^ ^^^ol s[<^^}o^ vfl^ 

^Ai-o. ^^^v :^ n. ^3i).^(^^^)* ifl^<Hl 5L^€ cl^l^/<^>^S.ll(digal to 
analog) ^^7l(i:il£Al)* -f.«fl Pase(249)S. Pase(249)^ 25t:« 7l§o.s. aSE 

^^^Js]^ iH^(gain offset)* ^^i-^m 7l^# ^^^i=f. 

(AGC-EDFA)fil ^^^* M-Bl-vn £1^0.5.^ ^ ^^j.^^ ^ ^12 ^B.S. o]^o]:^ 

:^]o]^^^ ^ ^^1<^1^ ^#tb ^11 r>}%7}yqs. ##-^(300)^ 

^V-g- ;^1o1-^(400)^ ^^^^H, ^1 1 ^^]^]^ ^'^d<Hl ^1<H1- ^12 

#^7> ^^^-e-(350)Sf >^12 ^^^^^(450)# S^^cf. ^ ^^^f^]^ ^ 
#^7l;»D» 5£l*>7l ;^lo1^So)l cfltflA^ni- 
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1020030034056 ^^ '^^}- 2003/8/14 

<39> £ 4 ^ £ 7^ ^^*>^, ^11 ^^^-^-^(430)^ £. 4^ ^-^(230)3il- ^}^7} 

:^]S. 7.}^^]^:^]o]^o_s. Al-g-£]o^, 2 ^^^€^(450)^ aM<H^ 
(fixed current)* '^S^^^M ^sfl A>-g-4g[tq-. 
<40> >«fl2 ^^^^-^(450)^ ^^^-^(451), ^l)- iS.4ol-2-:^(Back PD. 452). 

TIA3(453), ^}-^f^^7l (454) , PI ^lcH7l(455), 7>^7l(456), ^^^^ ^^-^(457)1- 
^^^€(451)^ 3ES.cfol^:c(Back PD, 452)S.-^E^ jq^tf^ S]^ 
0^:^(440)0)1 ^^Itb i^><^lHS- ^Bl-^(441)^ 7>>a:7l (456)^ ^^Jl ^ 

m^ntk^ PI ^1^7l(455)» -i-^ Jl^^ wl-olo^^ ^5^^^1:1=1-. ^<^1 w><>H^ 

JL^A]?!^ ^l-§-^ ^-f ^^^l^(Noise Figure; N.F.) ^^^^ tk^^. 

<4i> £ 8^ ^1^^7> lOfis'U ^-f ^B^^^ ^^(a)<Hl tc].^ ^^fi] ^^]^] 

^^(A") ^^m- 2fi -§-^ Al^V(B')ol 3711 7M^^ «y: ^ ^4. 
<42> ^ ^igo^ ^^^ll^i^ ^^H^ ^^1 <^H1 ^t|l ^^^1-^o.ul-, ^ ^ 

'^^<^Mi 9}^^^1 %!::£ ^<^M-1 <^e^ 7M ^^o] 71-^^^ #€-<^li=l-. nels. 
^ ^ ^'^^ ^^1 <^H1 ^^^o] ^^«fl;^A-l^ o>q s\x^ 

^^^^^ <^}^^ o] ^^^^2] ^s.ofl o:\tw ^«fl^^> tt^. 

[^"^ifil Ml 

^^l7ls^Ei p;HH7lS£ ^^*l-<^ P ^H7l# °le^ ^^^1^1^ 
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1020030034056 %^ 'U^}: 2003/8/14 

^9] s^o] ^^l-c^s^-jt afs -§-^ (transient response)<^l^ €■ "^g^^ ^^1 ^Jl 

^^H- ^^^5^1 ASE sl-^-lofl tfltb Jl41- ^7> <^a^ '^^ cfl 

^>-g- ^l^CAGC)* ^7> 9X^. 
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11 

^^-R- ;^V^ CIS. ^jol ;g-^loll ^o]X]^ 

^11 

^71 ^^^^ ^^.7]^^B] ^ ^71^1513. 

^7l sl-s^'a- •^^11-^^ ^7] :4i ^7] 

^12 ^^^^^^1 Hliii*>^ wliii-?-sq-; 

^7] -^^^^ ^7] #^^5:011 -§-^*H ^= ^1 
o^Ai^^ #^^1-^ ^l^H-^s]-; 

^^7] ^= ^lo^ Aljio^ o^^ol] -g-ig-^Vo^ o. -.^7lofl ^:sg:^^ ^^«>^ 

^11 i^*V<^ *m ^'a-B- ^^71^1 ;;^V^ ol^. ^lo^ ^ 

2] 
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1020030034056 W^ 'UA- 2003/8/14 

^7] ^S.^^^ ^^1-^^ #^^5: S.^ ^7] UliEH- oj f^^Al^ofl -g-^5>c^ -^^^1- 

^7] ^]mL^3] ^^^S.c>\] -§-^BV<^ I^l<H7lS- ^^i^^ ^^-2.^ 

^^^^ <=>]^ >ii<H ^^1. 

I^^l}- 31 

711- ^o] ^7] ^^1-^^ P^]o]7]S\. ^7] 

^]^^o\] ^^^^ ^^Sl^ ^^^-n- #^7l^ >^V^ o]^ 
. 41 

^1 1 ^7l ^g-^^-B- ##7lo1] «H<H:i^ ^l^^V^ ^12 ^ 

i^^H ^^^^^ ^^^S ^^^-H- #^7]S] o]^ ;^lol 

[^^«^ 51 

^1 1 ^] 4 *J-ofl >y-7l ^>a-a- f^^7lSl SE^ ^5. 
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